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We examine tlie soft supersymmetry breaking parameters induced by the Scherk-Schwarz (SS) 
boundary condition in 5-dimensional orbifold field theory in which the quark and lepton zero modes 
are quasi-localized at the orbifold fixed points to generate the hierarchical Yukawa couplings. In 
such theories, the radion corresponds to a fiavon to generate the fiavor hierarchy and at the same 
time plays the role of the messenger of supersymmetry breaking. As a consequence, the resulting 
. . . soft scalar masses and trilinear ^-parameters of matter zero modes at the compactification scale are 

I highly fiavor-dependent, thereby can lead to dangerous fiavor violations at low energy scales. We 

. analyze in detail the low energy fiavor violations in SS-dominated supersymmetry breaking scenario 

' under the assumption that the compactification scale is close to the grand unification scale and the 4- 

dimensional effective theory below the compactification scale is given by the minimal supersymmetric 
standard model. Our analysis can be applied to any supersymmetry breaking mechanism giving a 
sizable _F-component of the radion superfield, e.g. the hidden gaugino condensation model. 
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CN . I. INTRODUCTION 

^ ' Supersymmetry (SUSY) is one of the prime candidates for new physics beyond the standard model (SM) [J]. An 
, important issue in supersymmetric theories is to understand how SUSY is broken in low energy world. It has been 
■ known that theories with compact extra dimension provide an attractive way to break SUSY by imposing nontrivial 
', boundary conditions on the field variables. This mechanism which has been proposed originally by Scherk and Schwarz 
' (SS) can be interpreted as a SUSY breaking induced by the auxiliary component of higher dimensional supergravity 
(SUGRA) multiplet 0. Extra dimension can provide also an attractive mechanism to generate hierarchical Yukawa 
. couplings PI- The quark and lepton fields can be quasi-localized in extra dimension, and then their 4-dimensional 
(4D) Yukawa couplings involve the wavefunction overlap factor e"*^'^^ where M is a combination of mass parameters 
— ■ in higher dimensional theory and R is the size of extra dimension. This would result in hierarchically different Yukawa 
II ' couplings even when the fundamental mass parameters have the same order of magnitudes. 

O^, A simple and natural theoretical framework for the quasi-localization of matter zero modes is supersymmetric 5D 
^ ■ orbifold field theory. If a matter hypermultiplct in 5D orbifold SUGRA has a non-zero gauge charge for the graviphoton 
and/or for an ordinary U{1)fi vector multiplet which has non-zero boundary Fayet-Iliopoulos (FI) terms [5|, it obtains 
a non-zero 5D kink mass Me{y) where e{y) = ±1 is the periodic sign function on /Z2 whose fundamental domain 
is given by < y < tt. In the presence of such kink mass, the matter zero mode becomes quasi-localized at one 
of the orbifold fixed points y = 0, tt with a wavefunction given by e"*^''^'^'. A 5D orbifold SUGRA provides also a 
' simple theoretical framework for the SS SUSY breaking. The theory admits a continuous twist of SU{2)ii boundary 
condition under the discrete shift y y + 2Tr which would break the N = 1 SUSY survived from the Z2-orbifolding 

In this paper, we wish to examine some physical consequences of implementing the quasi-localization of matter zero 
modes and the SS SUSY breaking simultaneously within 5D orbifold field theories, particularly the flavor structure 
of soft parameters and the resulting low energy flavor violations. In section 2, we first discuss some features of 5D 
orbifold SUGRA related to the quasi-localization of matter fields and also the SS SUSY breaking. We then compute 
the soft parameters of quasi-localized matter fields induced by the SS boundary condition in generic 5D orbifold 
SUGRA. We show explicitly that the zero mode soft parameters from the SS boundary condition are same as the ones 
induced by the radion i^-component in 4D effective SUGRA, and thus our analysis applies to any SUSY breaking 
mechanism giving a sizable i^-component of the radion superfield 0, e.g. the hidden gaugino condensation model. 
This means that the radion superfield which corresponds to a fiavon for the Yukawa hierarchy plays the role of the 
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messenger of SUSY breaking. As a consequence, the resulting soft scalar masses and trilinear A parameters of matter 
zero modes at the compactification scale are highly flavor-dependent, thereby can lead to dangerous flavor violation 
at low energy scales. In particular, the predicted shape of soft parameters at the compactification scale indicates that 
the compactification scale should be much higher than the weak scale in order for the model to be phenomenologically 
viable. 

In 5D orbifold SUGRA, 5D kink masses A//e(y) responsible for quasi-localization have quantized-values if the 
graviphoton and/or U{1)fi gauge charges are quantized. An important feature of the SS SUSY breaking is that, 
if the kink masses are quantized, the resulting soft scalar masses and the trilinear scalar couplngs (divided by the 
corresponding Yukawa couplings) at the compactification scale are quantized also in the leading approximation. This 
feature provides a natural mechanism to suppress dangerous flavor violations since the flavor violating amplitudes 
appear in a form f(Mj) — f{Mj), thus are canceled when some of the quantized kink masses are degenerate. 

In section 3, we analyze in detail the resulting low energy flavor violations under the assumption that the compacti- 
fication scale Mc is close to the grand unification scale Mqut ^ 2 x 10^^ GeV and the 4D effective theory below Mc is 
given by the minimal supersymmetric standard model (MSSM) . We find that many of the low energy flavor violations 
are appropriately suppressed, however generically ck and /i — > 67 can be too large if the SS boimdary condition is the 
major source of SUSY breaking. As summarized in Table I, if either the S'[/(2)i-doublet lepton kink masses or the 
S'{/(2)i-singlet lepton kink masses are flavor- independent, the /i ^ 57 bound can be satisfled for a reasonable range of 
the involved continuous parameters. Tables II— III contain the predictions for lepton flavor violating processes of the 
models which can satisfy the — > 67 constraint with a mild tuning of the involved parameters. Different choices of 
the lepton kink masses predict different patterns of lepton flavor violations. In particular, when the S'?7(2)i-doublet 
lepton kink masses are degenerate, the predicted chirality structure of decay modes is opposite to the other case with 
degenerate 5'C/(2)i-singlet lepton kink masses which has the same chirality structure as the lepton flavor violating 
decays in seesaw models 0,0,0- ^'^^ ^k, it is more difficult to make the SUSY contribution small enough since the 
model is constrained to yield the correct CKM mixing angles as well as the correct quark mass hierarchy. Again a 
possible option is that the kink masses of the SU{2)l singlet down quarks are flavor-independent. However in this 
case, in order to produce the correct quark mass eigenvalues and CKM mixing angles, one needs to assume that some 
boundary Yukawa couplings are abnormally large (or small) by a factor of 4 ~ 5 (0.2 ~ 0.3) compared to the values 
suggested by the naive dimensional analysis. Table IV summarizes the SUSY contributions to ex for some choices of 
the quark kink masses. We flnally discuss the SUSY contributions to other flavor-violating amplitudes in SS SUSY 
breaking scenario, e.g. the b ^ sj rate, e' /ek and the K^-K^ and B'^-B'-* mass differences, which turn out to be 
either well below or at most comparable to the SM contributions. 

II. SUPERSYMMETRY BREAKING BY BOUNDARY CONDITION FOR QUASI-LOCALIZED 
MATTER FIELDS IN 5D ORBIFOLD SUPERGRAVITY 

In this section, we flrst discuss some features of 5D orbifold SUGRA related to the quasi-localization of matter 
flelds and also the SS SUSY breaking by boundary condition. We then compute the soft parameters of quasi-localized 
matter fields induced by the SS boundary condition and compare the results with the radion-mediated soft parameters 
in 4D effective SUGRA. 

Let us consider a generic SUGRA-coupled 5D gauge theory on /Z2. The action of the theory is given by 
S = I d^xV^ [\{^^ *W7''^^^A^*.p - - ^fc<y)*M7''^*.^ - 12fc' + . 

+ i^h^'Dm-^i + iMie{y)^i-^i + [M] ± kMi - ^e)\h\\'' + . 



(1) 



where TZ is the Ricci scalar of the 5D metric Gmn, '^m {i = 1,2) are S'?7(2)fl-doublet 5D gravitino, Cmn = 
QmBisi — OnBm is the graviphoton field strength. The fields {(/)"', A^j , X''"') are 5D real scalar, vector and SU{2)ii- 
doublet gaugino constituting a vector multiplet, (/i}, 5"/) are iS'C/(2)fl-doublet complex hyperscalar and Dirac hyperino 
constituting a hypermultiplet, and e{y) ~ ±1 is the periodic sign function on /Z2 satisfying e(y) = e{y + 27r) = 
—e{—y). Here we set the 5D Planck mass A/5 = 1, and the ellipses include appropriate boundary actions. 

In 5D orbifold SUGRA, the bulk and boundary cosmological constants and also the hyperino kink masses appear 
in connection with the graviphoton gauge couplings |lll |: 

D " 



mK = VmIt-] - i(^-fc(cr3)* - ciS'^e{y)BMh], 
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-Dm*/ = Vm*7 + icie{y)BM^i, 

Dm^^ = VmA*" - th{a3))e{y)BMX''', (2) 

where V7\/ contains other gauge coupUngs. For instance, the Z2-odd U{1)r gauge coupUng of the graviphoton, 
|fce(y)(T3, is associated with the bulk and boundary cosmological constants: 

V ^55 

which leads to the warped Randall-Sundrum geometry. As for the hyperino kink mass Mje(jj), another possible 
origin is a U{1)fi vector multiplet whose scalar component develops a kink-type vacuum expectation value due to 
the boundary FI terms 0- Including this FI contribution, the (effective) hyperino kink mass is given by 

Mi ^ci + qi^Fi , (3) 

where qj is the U{1)fi charge of and ^pi is the FI coefficient. Throughout this paper, we will assume that the 
t/(l) gauge charges ci,qi are quantized, and thus the hyperino kink masses are quantized also. 
In 5 dimension, orbifolding the theory corresponds to imposing the boundary condition 

= Z$(y) , <P{y + 27r) = m{y) , (4) 

for generic 5D field where Z and satisfy the consistency conditions 

z^ = i, zn = n-^z. (5) 

Equivalently, one can impose the parity boundary condition at each fixed point: 

= , $(-y') = ^W) {Z^ = Z'^^1), (6) 

where y' = y — tt and Z' = ZVL. In case that Z and commute to each other, the consistency condition jSJl implies 
= 1, and thus Z and Q, can be simultaneously diagonalized to have eigenvalues Z = ±1 and = ±1. On the other 
hand, for the case of SS boundary condition, Z and Q do not commute, so Q can have a continuous value. Still one 
can adopt a field basis for which Z is diagonal, while fl (and thus Z' = Zil) is not diagonal in general. 

The orbifolding boundary condition should be consistent with all gauge symmetries of the theory, including the 
Z2-odd graviphoton gauge transformation: 

Bm ^ Bm + OmA, $ ^ e'<y'>Q^q>^ (7) 

where Q is a constant charge matrix and the transformation function satisfy A{y) = A{y + 2tt) = —A{—y) in order to 
be consistent with 5D local SUSY. In order for Dm^ — (Va/ — ii{y)QBM)^ to have a consistent boundary condition, 
both Z and should commute with Q: 

ZQ = QZ, flQ = Qn (8) 

which correspond to additional consistency condition for orbifolding boundary conditions. 

5D orbifold SUGRA admits a continuous twist of SU{2)ii boundary condition under the discrete shift y y + 2tt, 
breaking the = 1 SUSY survived from the Z2-orbifolding. Let Zji,il,]i and Qr denote the SU{2)ji representations 
of Z, n and Q, respectively. To obtain 4D chiral fermion, one can always choose Zji — (T3, and then the graviphoton 
U{l)]i charge is given by = |fc(T3 as in The consistency condition (jSJ imphes that a continuous SS twist can 
be written as flji = exp{iLij ■ a) where uj = (wi,a;2,0). However, if Q/j = ^ka^ is non- vanishing, there doesn't exist 
any non-trivial SS twist allowed by the consistency condition (jSJ- In other words, a continuous SS SUSY breaking is 
not allowed in 5D orbifold SUGRA yielding a warped Randall-Sundrum geometry as has been noticed in • Thus 
in the following, we will focus on the case that the graviphoton U{l)ii charge vanishes: 

3 

Qr = -jkay, =^ 0, 

which gives a flat spacetime geometry 



ds^ = rjf.^dx^'dx" - R^dy^ 
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and allows a continuous SS twist 

Qfi = cxp(27riLj(T2) 

in an appropriate SU{2)r basis. Obviously, only the S"?/ (2)/? -doublet gravitino, gauginos and hyperscalars are affected 
by this SS twist, e.g. 

h]{y + 2n) = {e'-^--^)]my). (9) 

It is convenient to write the 5D action in = 1 superspace For the 5D SUGRA multiplet, we keep only 
the radion superfield 

T = R + iB5 + 6**57? + O'^F^ , 

where R — VG55 denotes the radius of the compactificd 5-th dimension, and "i^sB. — 5(1 + 15)'^m=5- relevant 
piece of the 5D action in = 1 superspace is given by 



J (fx j d^e ^^i^ {HiH} + i/|i/f ) H^j {dy + MiTe{y)) Hi + -^TW^W^ 

where is the chiral spinor superfield for the 5D vector superfield 



(10) 



and 



Hi = h] + 9i'i + e^Fl , 

H^ = hf +eifi + e^Fj* , (11) 

for A" = i(l - 75)A"\ V/ = 1(1 - 75)*/, and i^-j = i(l + 75)*,. 

Here we are interested in 5D vector multiplets giving massless 4D gauge bosons, and also 5D hypermultiplets giving 
massless chiral 4D fermions. We thus consider the = 1 superfields satisfying the 2'2-boundary condition: 

V'^(-y)^V'^{y), Hi{-y) ^ Hi{y), H^i{-y) ^ -H-jiy), (12) 
The zero mode equation for tJji = x{^)4'oi{y) is given by 

{dy + MiTe{y))4>oi^O, 

yielding the zero mode wavefunction 

which shows that the zero mode is quasi-localized at y = if Mi > 0, and at y = tt if A// < 0. 

In 5D orbifold SUGRA, Yukawa couplings can be introduced only through the boundary actions. For the orbifolding 
given by lO, the boundary action at y = is required to be invariant under the Z-cven supercharges Qz, while the 

boundary action at y = tt is invariant under the Z'-even supercharges Qz' ■ Note that Qz and Qz' are related to each 

1/2 

other by the SS twist: Qz ~ Qz'- Then in the presence of nontrivial SS twist, the boundary actions for Yukawa 
couplings can be written as 

J j d^e ( 6{y)^\ijKHiHjHK + <5(y ~ t:)^\'ijkH'iH'jH'i, ) + h.c , (13) 

where Hi and Hj are Z-cven and Z-odd superfields, respectively, defined as for the iV = 1 SUSY generated by 
Qz, and H'j and H'f are Z'-evcn and Z'-odd superfields, respectively, for the = 1 SUSY generated by Qz' ■ More 
explicitly, 

H'l = h'l + e4,i + e^Fi\ 
H'f = hf* + eri + o^Fp*, 
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where 

h'l = cos(cj7r)/i} — sin(ix'7r)/ij, 
/ij = cos(cj7r)/ij* + sin(a;7r)/i}*, 

and Fj^ can be determined by their equations of motion. Note that Z-odd Hj and Z'-odd H'f vanish at y = and 
y = n, respectively, thus the boundary Yukawa operators involving Hj {H'f) at y = (y = tt) vanish also. 

Let us now compute the 4D Yukawa couplings, scalar masses and trilinear A parameters for the hypermultiplets 
obeying the boundary conditions ^ and (|12|1 . To this end, we analyze the Kaluza-Klcin (KK) mass spectrum and 
wavefunctions of hypermultiplets, which has been done in |l4|. The equation of motion for hyperscalar fields leads to 
the following KK wave equation: 



^_dl + mj- Mf + ^a,dye{y) ) Mv) = 0, (14) 



where dyt{y) = 2((5(y) — 5{y — tt)), and the KK wavcfunction 0/ = (0}, (f)]) is defined as 

h){x,y) = (j)i{x)4>]{y) 
for the 4D field 0/(a;) satisfying the on-shell condition 

According to the boundary conditions @ and H12|) . <j)i obeys 

M-y) = (^3);0Ky) , My + 2^) = (e^'^'-^^My)- (is) 

It is then straightforward to find 0| 



1} ^ C/ ^cosA/y- ^^^^sinA/y^ 



where A/ satisfies 



Cjta.nujTT I — cotAj7r+ ^^/^ ] sinAjy, (16) 



(17) 



f RMjV sin^wTT 



sin^ A/TT 



The corresponding KK mass eigenvalue is given by 

™? = Mj + ( =M , (18) 



R 

and Ci is the normalization constant which can be determined by 



2R r dy + 102,2- 

Jo 



Note that (|16|l represents the KK wavcfunction over the fundamental domain < y < n. The KK wavcfunction 
outside the fundamental domain can be determined by the boundary condition (|15|l . 

Once the KK wavefunctions arc determined, the 4D couplings of the corresponding KK modes can be easily obtained. 
Let yijK and Ajjk denote the 4D Yukawa couplings and trilinear scalar couplings, respectively, of the canonically 
normalized 4D scalars 0/ and 4D fermions xi- 

J ( ^2//JK'/'/XJXif - ^^/Jif + h-c.y (19) 

Since the hyperinos are not affected by the SS twist, the hypcrino KK wavefunctions correspond to the hyperscalar 
KK wavefunctions with w = 0, i.e. 

hi{x,y) = <Pi{x)(j)){y), ipi{x,y) ^ xi{x)4>l)i{y), 
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where (^q^ = <j)}\uj=Q- In our case, the 4D Yukawa couplings of KK modes are easily found to be 



yiJK 

where 



(20) 



Using the equation of motion for the auxiliary components Fj-. 



one can obtain also the trilinear soft scalar couplings as 

AijK = --jij dy[ \i.,K5{y)4>Wjdy~^]i + ^uKHy - ^)4>Wjdy4> 

I^k) + (j^k). (21) 



The scalar masses and trilinear couplings discussed above can be interpreted as the parameters renormalized at the 
compactification scale Mc ~ 1 /R. It is rather clear that the resulting soft parameters of quasi- localized matter zero 
modes can not be phcnomenologically viable unless is far above the weak scale Mw Since the soft parameters 
have values of 0{ujMc), one needs ^ 1 to get the weak scale soft parameters for Mc ^ AIw- With this observation, 
in the following, we limit the discussion to the case of small SS parameter, 

< 1, 

and compute the soft parameters of the canonically normalized hyperscalar zero modes (f)j and the gaugino zero modes 

- j d^x(^ ^mjjcj>*jcf,j + ^AjjKMjh< + ^M,A"A" + h.c. ) . (22) 
Under the SS twist ©, the gaugino zero mode receives a soft mass 

Ma = . 

R 

From (|16|l and H18|l . one easily finds the KK wavcfunctions of the hyperscalar zero modes: 

1/2 



Mr \ e^^'^y - p-^^'^y 

' ^ lM,.n_Uu.n ^O[.% (23) 



and their soft masses: 



'/J 



2. _ (UJ^^ ( MittRV 
''^''-\r) \s\nHMn:R) ) 



0{u:^). (24) 



The Yukawa couplings and A-parameters of these zero modes can be obtained from H20|l and (|21|l . yielding 



yiJK 

AlJK 



R VYiYjYk 



2A//7ri? 2MjTrR 2Mki^R 



2Af/7ri? 2Mj7rR 2Mkt^R 



I _ g-2MnTR I _ g~2MjirR I _ ^-2MkttR. 



y „-(Mi + Mj + MK)-nR 



+ 0{uj^), (25) 
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where 



-2MinR ^ 



Note that the above Yukawa couphngs and soft parameters of zero modes should be interpreted as the parameters 
renormahzed at the compactification scale ^ l/R. 

It has been pointed out that the SS SUSY breaking in 5D orbifold SUGRA has an interesting correspondence with 
the radion-mediated SUSY breaking. Here we explicitly show that the zero mode soft parameters induced by the SS 
boundary condition are precisely same as the radion-mediated soft parameters in 4D effective theory. To see this, 
let us construct the 4D effective action of the gauge and matter zero modes without any SS twist, i.e. w = 0, while 
keeping the radion supcrficld T to take a generic value. The resulting 4D effective action can be written on = 1 
superspace, and can be obtained easily by making the radion-dependent superfield redefinition: 



^MlT\y\ 



Hi, Hj 



After this field redefinition, the bulk and boundary actions of (|10|l and become 



•Sbulk = 



<P9 



-Mi{T+T'}\y 



-TW^W^ + h.c. 



branc 



(26) 



In the new 5D superfield basis, all zero modes have constant wavefunctions, thus their 4D effective action can be 
obtained by simply integrating the 5D action over the 5-th dimension. Let $/ denote the constant zero modes of Hj, 
and denote the field strength superfields for the constant zero modes of y . We then find 



Sad = J d^x J d^9Yjj^i^*j + J d^6 + y/jA'^/^j^K^ + h.^ 



(27) 



where the hermitian wavefunction coefficients Yjj, the holomorphic Yukawa couplings yijK, and the holomorphic 
gauge kinetic functions fa are given by 



Yij = 



Ml 

yuK = XijK + X'jj^e 
fa = -^T. 



1 



-TTMiiT+T"' 



JIJ, 



(28) 



If the radion F-component, F'^ , is the major source of SUSY breaking in the above 4D effective action, the soft 
parameters of the canonically normalized 4D fields are given by 



-ij 



1 

- F^dTf = - — 



1 



VYiYj 



HJ 



A 



2R 
1 



F^ I {drdT- Yjj ~ TrTdT' Yj^j) 
MjttR 



UK = 



VYiYjYk 
F^ 1 



sinh(M/7ri?) 

f'^ {dryuK - ^TiijLjK - TrjyiLK - T^tkVijl 
2MittR 2MjttR 2MkttR 



2R VYiYjYk 
2MittR 



2M,jttR 



XlJK 



2Mki^R 



,-2MK-!rR 



-{Mi+Mj+MK)7rR 



(29) 
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where the Kahlcr connection Ttj = Y drY/f^. Obviously the above radion-mediatcd soft parameters are precisely 
same as the SS-induced soft parameters (up to small corrections higher order in uj) with the matching condition 



2lo. 



This means that our phenomcnological analysis of SS-induced soft parameters in the next section can be applied to 
any SUSY breaking mechanism giving a sizable i^"^, for instance the hidden gaugino condensation model. 

So far, we have considered the most general scenario that the Yukawa couplings originate from both fixed points, 
y = and tt. In fact, to generate hierarchical Yukawa couplings through quasi-localization in a natural manner, one 
needs to assume that Yukawa couplings originate only from one fixed point, e.g. from y = 0. In this case, the Yukawa 
couplings and soft parameters at the compactification scale are given by 



yiJK 

AlJK 

Ma 



MjMjMk 



UJ ( 2MittR 2MjttR 2MkttR 



A/ 



JK 



UJ 



yijK 



\r) Vsinh(A//7ri?) 



(30) 



As we have noticed, the matter zero mode $/ from a 5D hypermultiplct with kink mass Mi has an wavefunction 
of the form e"^^^''^'*'' , thus is quasi-localized at y = (y = tt) if Mj > (A// < 0). As a result, in case that 
Yukawa couplings originate from y ~ 0, the quark/lepton superfields from hypermultiplets with Mj < would have 
(exponentially) small Yukawa couplings, while the quark/lepton superfields with Mj > can have Yukawa couplings of 
order unity. Obviously, the above form of Yukawa couplings shows this feature, achieving the Yukawa hierarchy from 
quasi-localization. The above results show also that the soft scalar masses and the A to Yukawa ratios Ajjk /yijK 
are highly flavor-dependent at the compactification scale. Although the flavor-violating pieces are suppressed with an 
appropriate correlation with Yukawa couplings, still they can lead to dangerous flavor-violations at low energy scales 
as will be discussed in the next section. 

Assuming that the Higgs superfields are boundary superfields confined a,t y — Q simplifies the form of Yukawa and 
^-parameters, however their fiavor structures are essentially the same. In our framework, any boundary superfield 
can be interpreted as the zero mode of bulk hypermultiplct having an infinite kink mass, more precisely a kink mass 
comparable to the 5D cutoff scale A5. Note that in this case all other KK modes have the masses of ©(As), so are 
decoupled. Then the Yukawa and ^-parameters of boundary Higgs superfields can be obtained from l|3U|l by 
taking the limit AIk A5 together with an appropriate redefinition of boundary Yukawa couplings, yielding 



where 



ViJ 
Aij 



MiMj 



(X _ g-2MnTR-^(^l _ g-2A/j7r_R-) 

UJ / 2MittR 2Mj7tR 

Jl \ g2MnzR _ X g2Af/7r_R _ ^ 



yij 



M 



K 



1 



-2A/ic7r_R 



1/2 



UK 



(31) 



(32) 



for the quark/lepton fiavor indices /, J. 

In the next section, we analyze in detail the resulting low energy fiavor violations under the assumption that the 
kink masses Mi are appropriately quantized. Note that in 5D orbifold SUGRA the assumption of quantized kink 
masses corresponds to the assumption of quantized U{1) gauge charges. It is then convenient to write the above 
Yukawa couplings and soft parameters in the following way: 



yiJ 



^1.1- 

UJ 

'r 



l n(l/e) 

TTi? 



-2Nj 



NiNj 
- l)ie-^^' - 1) ' 
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Aij = 2y7jln(l/e^ ' 



R\l- e2W^ 1 - e2Ar., 
Ni uo^^ 



m]j = 5i.j 2Hl/e) \_ - ] , (33) 



where 



Tri? 

Ni = r-rrMi for e = Cabibbo angle « 0.2. 

ln(l/e) 

The above Yukawa couphngs are quite similar to the Yukawa couplings in Frogatt-Nielscn models with Nj being 
identified as the U{1)f charges. More explicitly, 



yij 



ttR 
where 



^'-^ l/[21n(l/e)] (iV/-0), ^^^^ 



and the effective flavor charge Xj is given by 

^'-{O iNi<0). ^'^^> 

When the theory is strongly coupled at A5, a naive dimensional analysis suggests that 

A57ri? = 0(67r3), A/j = ©(Te^/Ag). 

Then the redefined boundary Yukawa couplings A/j ~ Xjj^/MjMj would be of order unity if the corresponding kink 
masses |M/| = jA^/j ln(l/e)/7ri? = 0{V Gtt^/ttR). In the following, we will ignore the factor 2 3 differences of A/j 
arising from their M/-dependencc, and simply assume that the redefined boundary Yukawa couplngs A/j are all of 
order unity. Then the observed quark/lepton masses and CKM mixing angles can be explained by the 5D kink masses 
Mj which are quantized in a manner to give integer- valued Nj. 

As for the soft scalar masses and trilinear couplings, the above results can be approximated as 

Aij ~ Moyij {ai + aj) , 



mjj - djjMo<^ l/[21n(l/e)]2 (AT, = 0) ^"^^^ 



where 



and 



Mo = 21n(l/e)^, (38) 



Ni iNi>0) 
ai^{ l/[21n(lA)] (A^/ = 0) (39) 
|A^/|e2|A'^l (A^/<0). 

An important feature of the SS SUSY breaking is that Ajj/yjj and m^jj are quantized for Nj 7^ in the leading 
approximation. This feature of the SS SUSY breaking, more generally of the radion-mediated SUSY breaking, is 
quite useful for suppressing dangerous flavor violations. With this feature, flavor violating amplitudes appear in a 
form f{Ni) — f{Nj), thus are canceled if some of Ni are degenerate. 

The suppression of tti'^^j/Mq and Ajj/Mq by some powers of e is essentially due to the quasi-localization of matter 
zero modes. The SUSY breaking by boundary condition is a non-local SUSY breaking, so the resulting soft parameters 
are more suppressed for more localized matter fields. Note that the suppressions of yu and Ajj are asymmetric under 
Nj — !■ —Nj. This is simply because the Yukawa couplings originate from the boundary at y = 0. On the other hand, 
rnjj are independent of the origin of the Yukawa couplings, so are symmetric under Nj — > —Nj. 
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III. LOW ENERGY FLAVOR VIOLATIONS 



In this section, we analyze the low energy flavor violations resulting from the SS SUSY breaking for quasi-localized 
matter fields. The renormalization scale for the SS-induced soft parameters of can be identified as the compacti- 
fication scale M^. To be specific, here we assume that is close to the unification scale Mqjjt ~ 2 x 10^^ GeV and 
the 4D effective theory below Mc is given by the MSSM. For simplicity, we further assume that the two MSSM Higgs 
doublets Hi and H2 are boundary superfields confined at y = 0. 

Let ipi = {qi,Ui,di,£i,ei} (i ~ 1,2,3) denote the known three generations of the left-handed quark-doublets (q^), 
up-type antiquark-singlets (ui), down- type antiquark singlets {di), lepton-doublets {£i), and anti-lepton singlets (ci). 
The Yukawa couplings can be written as 

-Cvukawa = yfjH2Uiqj yfjHid.qj + yf^Hie.tj (40) 
and the squark/slcptons (j)i — {qt, Ui, di, £i, e^} have the soft SUSY breaking couplings: 

Csoit = - (^A'ijH2U,qj + Af^Hidiq^ + A\^Hiedj 

, 2(q) - ~* , 2(u) ~ -* , 2(J) 7 > 

+ m.- Qiq^ + 711.-: UjU^ + m.^ did, 
ij ^''^j I J ''J I J '■J 

+ mfiii*+n^^'h.i*). (41) 
As shown in (|34|l. the canonical 4D Yukawa couplings in H40|l are given by 

where the redefined boundary couplings {tp = u, d, i) are given by 



Ai;in(lA) 



4 = ^^^^Ztzt. (43) 



Here A^- are the boundary Yukawa couplings which are generically of order VGtt^/A^ [ij 



l/[21n(l/6)] (iVf = 0), 



and xf {ip = q, u, d, i) are the effective flavor charges defined as 



^^^^0 (iV/<0). 



In the following, we assume that Nf are all integers and xf take the normal hierarchy as 

xf > xt > xf. 

Neglecting the part of Ajj/yu suppressed by e^'^^' or e^'^'' in l(?7|) . the soft parameters of can be approximated 

as 

A" ^ Mo(X«+Xj)y«, 
4- 0, M^{Xt + Xj)yf^, 
A% ~ Afo(^f +^i)2/fj, 

'5 - '^^^ \l/[21n(l/e)]2 (^/=0), ^ 

where 

Mo = 2 ln(l/e) ( ^ ) = -2Mi/2 ln(l/e) 
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for the universal gaugino mass M1/2 = —uj/R. The above flavor structure of trilinear A-coupIings is shared by various 
SUSY-breaking scenarios , while that of soft scalar masses is rather specific to the SS SUSY breaking. 

To perform the analysis of low energy observables, let us first introduce a parameterization of (V' = u, d, t) 
which are assumed to be of order unity. As an example, the down-type Yukawa matrix at the unification scale can 
be decomposed as 

4 = yi In, (47) 

where Vd,Vq are 3x3 unitary matrices and yf can be determined from the observed quark masses. With this 
expression, Xfj can be written as 

+ (^3^e-^3-^3) iVlh— iV,h~. (48) 

Barring an accidental cancellation between different terms, each term in (|48() should not exceed 0(1). Noting that 
yf ~ 0{e^^~^'^i) and also using the unitarity of the mixing matrices, we find the following order of magnitude 
constraints from the second and third terms of H48|l : 



\iVdM^Jl~m.d)23\'< 



yd.q , 

e^2 



2 < 



m.,,),2\Jl-\{VM^<'-^. (49) 
Except for the special crossing points with |(lg,d)i3| — 1 or |(V;j,(i)23| — 1, these constraints are reduced to 

jj^rf.q -^d.q j^d.q 

\{VM<'—^, \{VdM<'—z^, l(n,,)32|<^. (50) 

£-^3 

In general, the unitary matrix Vd can be decomposed as 

Vd = e^^-e^^^-Vde'^-, (^ </>j, = ^ = 0) , (51) 



where 



C12 -S12 \ / ci3 -Si3e-'*i3 \ / 1 

{Vd)^3 = I S12 C12 1 P C23 "323 

1 / V s.ge^^S Ci3 / V S23 C23 

^ C12C13 -S12C23 - Ci2S23Sl3e""'i° S12S23 - Ci2C23Sl3e"*''i3 
S12C13 C12C23 — Sl2S23Sl3e 13 _c;^2S23 — Sl2C23Sl3e ^3 

\ siae*"^" S23C13 C23C13 



(52) 



for Sij = snvOfj and Cij = cos 6fy With this parameterization, the order of magnitude constraints l|5U|) are translated 
into 



??2<— , Of3<—, ^23<— ■ (53) 



Together with the expression (|51|) and also a similar expression of Vq, the above constraints imply 



-^a,q X. j|^ct,g 

|(K;,,)i2| < \{VdM<'—jj, \{VdM<'-^. (54) 
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For later discussion, it is convenient to introduce the following 0(1) parameters: 

(yd,q)ij 



^\Xf-''-Xf'''\ 



(55) 



Then using the freedom of rephasing the fields, we finally arrive at the following parameterizations and also the 
constraints, reflecting well the underlying structure H42() : 



4 



T7t 



= V 



VcKKlVq, 



f < — 



(^l/i)j 











^13 H 


' 23 j-N-/ -v^i/' 









(56) 



(57) 



where (jif 



t>t, = for = q,u, d, i, e. 



Assuming that the CKM matrix does not involve any fine-tuned cancellation among mixing angles, we obtain 

'2 9f, ^ e\ (58) 



^12 



'2Z 



Also the observed fermion mass spectrum indicates 



7.2 X 10" 



% ~ 1.0 X 10"^ 

2/3 



2.8 X 10-"^ ~ e 



5-6 



^ ~ 2.4 X 10"^ 
% ~ 2.0 X 10^2 



,3-4 



2-3 



(59) 



yi 



5.9 X 10^2 ~ 6^-2 



where we assume that tan/3 = {H2) / is not so large. In fact, as for the flavor conserving part, the SS SUSY 
breaking with quasi-localized matter fields is somewhat similar to the gaugino-mediation |0| or the no-scale model 
since the soft parameters of matter fields at the compactification scale are suppressed by the quasi-localization factor. 
As a result, the model gives either a stau LSP or a negative stau mass-square when tan (3 is large Together with 
this consideration, xf favored by the observed fermion masses and CKM mixing angles are given by [l9l | 



X'i ^ (3, 2, 0), X" = (4 or 5, 1 or 2, 0), 

= (1 + a; or 2 -I- x, a; or 1 -|- x, x), 
X''^ + ^ {6 + X or 5 + X, 2 + x or l-f x, x) 



(60) 



where x — 1,2 corresponds to medium and small tan/3, respectively. 

We are now ready to discuss the phenomenology of flavor mixings resulting from the SS-mediated soft parameters 
(|46|l . To this end, it is convenient to rotate the fields to the super-CKM basis in which the Yukawa couplings have 
diagonal form up to Vckm- In the SCKM basis, the Higgs-slepton trilinear couphngs are given by 



Mo 



(61) 
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Using the unitarity of Ve,e, one easily finds 



= -{VeUvlMx! - XI) - iVe)^3Cv:)Mx'^ - XI) + 5^,xt 



(62) 



and also a similar relation for and V i . This shows that flavor violation is more suppressed in case that the lepton 
superfields in different generation have a common effective flavor charge. 

To parameterize the flavor mixing, let us introduce the 5 parameters at the compactification scale. The 6 parameters 
for RL/LR mixing are defined as 



_ {VeA'V;) 



(63) 



where Vd — 174GeVcos/3 = {Hi). Using the unitarity relations, we then find 

(bmGcV\ (m^{MGUTy 
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lOOMeV 



-6.44 X 10"- I — — - I 

V \Ml/2\ J 

+ (- 



(Ke)l3«)23 
(«e)ll(K*)21 



,Ax; 



-AX 



12 



g2AX«3 ^^l (k£)i3(4)23 



'-23 



(k£)ii(k;)2 



('«e)ll(Ke)21 
(Kf)ll(K^)21 
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-6.44 X 10 



_3 /500GeV\ frririMGUT) 



[ IA/1/2I J \ l.OOGeV 



^^W-^^,)^AXt, I ^xe^ + (^e)l2(<)32^^e^ 



me 

TTIt 



23 



(Ke)l3(Ke)33 
(k^)i2(k|)32 
iK.e)l3{K*f)33 

_3 /500GeV\ fmr{MGUT) 



(Ke)l3«)33 
{ki)i3{hi)33 



-6.44 X 10 " I — — - I 

V I Ml/2 I J 

gH<l'i-<t>i)f:Axis i AX' 



l.OOGeV 



2AXf. 



23 



^ 1 eAX,3 , 



,2AX 



^^23 



f, (Ke)2l(Ke)31 ^ ye I /-^ ^ ('..*\ 
/ N / .^N A-^12 { (Ke)23(Ke)33 
(Ke)23(Ke)33 J 

f, (k£)2i(^|)31 



(Kf)23(K|) 



33 



AXf2 



(k^)23('«^)33 



(64) 



Xf. 



where (K^,)ii = 0(1) as defined in ISH) and AX^^ = X/ 

Note that if Xf = X| or X| = X|, (i5|jx)i2 or (^l?x)23 receives a suppression by £^'^^23 or e^'^^ia, respectively. 
If Xf = X| = X|, all contributions to (i5|jx)i2. 13.23 from the right-handed slcptons disappear, leaving only the 
left-handed slepton contributions which are suppressed by (me/m^j), (me/mr) and (m^/mr), respectively. Since 
xf are quantized, this suppression mechanism docs not require any fine tuning of parameters. We stress that this 
suppression of the fiavor violations from Ajj /yjj relies on the specific feature of the SS SUSY breaking that Ajj /yjj 
at the compactification scale are quantized as in H37|l if the kink masses are quantized. Expressions for ((5|j^)2i.3i.32 
can be obtained from (^^x)i2. 13.23 by exchanging e ^ ^ for AX"^'^ and Ke,^ together with the exchange 1^2, 1^3 
and 2 <-!■ 3, respectively for the first index i in (Ke^i)ij, and also moving the phase factor in the first line of the 
rectangular parenthesis to the second line. A parallel discussion for (^flx)ii ^rid {S''^x)ij <^^ri be easily understood, so 
we do not repeat it here. 

In the SCKM basis, the right-handed down-type squark masses are given by 



'^Hv,).,\Ni\\'\^i^\{vl),,. 



{Vdrn'^'^Vj),^ 

The corresponding 5 parameters at the compactification scale can be defined as 

(U,m2('iVJ),, 



|Afi/2 



(65) 



(66) 
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Wc then find 



13 



10e'(^'-^3)e 



KKd)ll(Kd)21 



d|2g2K| 



(^fl;_R)23 



1^1 

|^d|2^2|jv|| _ i^r^'ipeaiA^I 



_ ('^d)l3(^rf) 
('«d)ll(Kd)21 

(Kd)l2(Atd)g2 
(K(i)i3(Kd)33 

(Kd)2l(Kd)3i 



23 ^2AX. 



- (|iV3^| 



2g2|Ar|| 



|7Vd|2g2|iV,-r 



|^|^d|2^2|JV|| _ 



2^2|Wf 



:2AXf2 



^d|2g2|W- 



d|2^2|Wf 



(67) 



(Kd)23(Kd)33 

where the factor |7Vf pe^l^'l should be replaced by l/[21n(l/e)]2 for Nf = 0. A suppression of the flavor violations 
from 'fn'^^^ is possible if any pair of \Nf \ have a common value. In particular, all flavor mixings disappear if \N^\ = 

jTVg I = |A^3 I, although this is not favored by the observed quark masses and CKM mixing angles as was noted in the 
discussion leading to H6U|I . Again this suppression of the flavor violations from m-j ^ relies on the specific feature of the 
SS SUSY breaking that m^jj at the compactification scale are quantized as in (|37|l if the kink masses are quantized. 
Expressions of (<^|jfl;) and can be obtained by appropriately changing the flavor indices. To obtain ((J^^), (<5ll) 

and {S^j)j, one has to remove the phase factors in addition to the necessary change of flavor indices. 

The soft terms and mixing parameters discussed above are given at the compactification scale, thus a renormalization 
group (RG) improvement is required. One approach is a full numerical calculation including the effects of flavor mixing 
in the RG evolution. This approach would be necessary when the leading flavor mixing comes from the loop effects 
0, H, 113, H^l • However in our case, it is not so useful since the model involves many free parameters. We thus use 
an approximate analytic solution ignoring the RG effects on the flavor off-diagonal part of the soft parameters [23l| . 
This approximation is reasonably good for the order of magnitude analysis of low energy flavor violations. In the 
same spirit, we use the mass- insertion approximation p3 | to calculate flavor- violating observables at the weak scale, 
rather than using the more accurate mass-eigenstate formalism. 

Using for instance the results of [IJl , we find that the gaugino masses Ma and the flavor-diagonal sfermion masses 

m''^^^ at the weak scale are given by 



\Ml\l\M^i^\^ 


= 0.16 


: 0.67 : 8.5 




~ 7.2 : 


7.2 : 6.0 


-fV|Mv2p 


~ 6.7 : 


6.7 : 4.8 


-fV|Mv2p 


~ 6.7 


(* = 1,2,3) 




~ 0.53 


= 1,2,3) 




~ 0.15 


(i- 1,2,3), 



(68) 

where M1/2 = —uj/R is the universal gaugino mass at the compactification scale and a = 1,2,3 stand for U{1)y x 
SU{2)l X SU{3)c, respectively. To get these numerical results, we used the top quark Yukawa coupling 2/4 ^ 1 at the 
weak scale and ignored all other Yukawa couplings. Similarly the Higgs masses at the weak scale are found to be 



m^y|A/i/2r-0.53, 
We also approximate the Higgsino mass parameter fi as 



•'H2 



I Ml 



/2I 



-3.0. 



(69) 



Ml 



tan^/? 



3.0 



1 - tan^ (i 
3.5 



1 - tan^ (3 



IM1/2I' - 3|Mi/2p 



The slepton 5 parameters at the weak scale are defined in the SCKM basis as |2J| 
^ _ ^fjfrf - ^*mf(5y tan/3 ^ _ rn^^"'^ ^ 



2(f) 



2(e) 2(f) 



2(e) 2(e) 

" 33 



2 £ 2(£) 

" 33 



(70) 



(71) 
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According to (|68|l . these weak scale S parameters are related to the GUT scale S parameters as 



(72) 



and similar expressions can be obtained also for the squark 5 parameters. 

It turns out that the most dangerous low energy flavor violations in our SS SUSY breaking scenario are — > 67 
and eK- Let us first discuss the /i — > 67 process. Neglecting the electron mass in the final state, the ^ — > 67 branching 
ratio is given by the sum of two branching ratios with opposite chirality, 



BR{^,+ ^ e+7) BRi^i+ ^ e+7) + BRif,+ 
Assuming the sparticle spectrum of H68() and H7()|l . we find 



eh)- 



i?i?(/i+ ^ e+7) 



1.2 X 10- 



-.1/2 


/ SOOGcV \ 




V IM1/2I ) 



12 



Rr) 13 {3 rb) 32 



3.1 X 10-2/(e-'«A'tan/3 + 2.7) 5.1 x 10" V(e-'»M tan/3 + 3.0) 
/ I Ml/2 1 \ /^106MeV^^ 
" V500GeVy 

Kl)i2 



{5'rl)iM^)i2 + {5'rM51 



LL)32 



4.8 X 10-6 6.2 X 10-6 

_ i^'RR)l2{5'RL)22 + {5'RR)l3{5i^)32 

8.8 X 10-6 



{5'RR)l3{5'RL)33{SiL)32 
1.1 X 10-5 



(73) 



(74) 



1.2 X 10-" 



,1/2 


/5GGGeV\ 




V IM1/2I J 



X 



2.6 X 10-2 

, ( Wl/2^ ) 

V500GeVy 



j32 

.1/3-0.42) 



iSiR)l2 (4i.)ll(4fl)l2 + (4fi)l3(4fl)32 

^4.8x10-6 8.8x10-6 

_ iSiL)l2{SlR)22 + iSiMSiR)32 (4^)13(4^)33(4^)32 ' 

6.2 X 10-6 1.1 X 10-5 



(75) 



where 9^ = arg(/iMi/2) and the branching ratio is divided by the latest upperbound BR{^ 67) < 1.2 x IQ-" |25l| . 
Corresponding analytic formulas can be found e.g. in Q and we expanded chargino and neutralino mixings up to 
0{Mw,z /\Mi/2\). Here we include two insertions of S for the RR and LL channels, while only a single insertion of 
6 is included for the RL channel. Note that not only (2, 1) mixings but also some combinations of (2,3) and (3, 1) 
mixings are severely constrained hy fj, —^ 67. Similar expressions for BR{t — > 67) and BR{t — > nj) can be obtained 



by replacing to^ 



with nir 

eVrVp 



3 and 1 



1, and 



changing the generation indices in the 5 parameters as 2 
multiplying BR{t eVrVe) = 0.178 and BR{t /x^'^-^'^) = 0.174 , respectively. 

Eqs.lElI) and (O suggest that if none of AXi2^ vanishes, |(J^i)i2.2i| = 0{lQ-^e^^'i^' ) for IM1/2I - 500 GcV, so it 
is difficult to satisfy the experimental bound |(^^^)i2,2i| < C'(10~^) under the constraint (AAr^)i2 + (AA"^)i2 = 3, 4 
or 5 which comes from nie/mfi. A simple mechanism to suppress the /i — *■ 67 rate is to choose some of the quantized 
lepton kink masses to be degenerate. For instance, if Xf ~ X2 = X| or Xf = X| = A"|, the fi ^ ej bound can be 
safely satisfied without severe fine-tuning of the involved 0(1) parameters for IM1/2I — 500 GeV. Tabic summarizes 
the possible choices of the flavor charge differences which reproduce the correct charged lepton mass spectrum. The 
resulting — 67 rate expressed in terms of ((5^x)i2,2i for IA/1/2I = 500GeV. For this, we set all 0(1) parameters, 
i.e. Ke,e, to be unity, so the results of Table should be interpreted as a kind of order of magnitude estimate. A 
double check in the table indicates that the model can safely satisfy the /x — > 67 constraint without any fine tuning of 
parameters, and a single check means one may need a mild tuning of parameters. 

Tables Inl- IIIII represent the lepton flavor violating rates predicted by the models of Tabled We used Eas. (|74|l and 
(I75|l with |i\/i/2| — 500 GeV for ^ — > 67, and the analogous formula for r — > /i7 or e-f. In this procedure, we set 
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all the involved 0(1) parameters to unity, and added all contributions constructively. For ((5^2v)m, we include tan/? 
enhanced F-term contribution, 

(4x)h: =i -0.012e"*''" tan/? (mf/lGeV) (500GeV/|Mi/2|) . (76) 



Taking into account the sensitivity of next generation experiments |26l l27i| , the ^ — s- 67 (t ^ 67 or jij) branching 
ratio smaller than 10~^^ (10~^) for tan/3 = 10 is not depicted in the Tables. Models indicated by light color lead to 
a too rapid fi ^ ej even when the 0(1) parameters are assumed to suppressed by a factor of 1/4 for IM1/2I = 500 
GeV. Note that all branching ratios scale as |Mi/2|~^, thus the numbers in Tables ITll- IIIII decrease (increase) by a 
factor of 1/16 (16) when \Mi/2\ = 1 TeV (250 GeV). Many of the models in Tables HJ and Hn lead to 4 £^7 which 
can be explored by future experiments for a reasonable range of 0(1) parameters. Some models already start to 
overlap with the latest bound BR{t fj.^) < 3.1 x 10~^ [23 with an ambiguity associated with 0(1) parameters. 
Different choices of the effective flavor charges predict different patterns of lepton flavor violation, thus a combinatoric 
analysis of different experiments will be useful for distinguishing models discussed here. In particular, determining 
the chirality pattern of the processes can provide a crucial information on the model Note that the chirality 

pattern for Xf = X| = X| is opposite to the case with Xf = X| = X| which has the same chirality pattern as the 
lepton flavor violating decays in seesaw models 0, B • 

Let us now examine the quark sector. It is well known that CP violating parameter ex in K-K mixing is quite 
sensitive to the supersymmetric extension of the standard model. CP is conserved in the SM if there is no third 
generation. Consequently, the SM contribution to is suppressed by small CKM mixing angles compared to naive 
dimensional estimation. However, this is not the case for the supersymmetric models, thus the SUSY contribution to 
ex can easily become comparable to the SM contribution. The gluino mediated contribution to en, normalized by 
the experimental value |30l |. can be summarized as 



2.282 X 10-3 



/500GeVy 
V 1^^1/2! J 



(1.5x10-2)2 (1.5x10-2)2 (2.2x10-4)2 



(0.63 X 10-3)2 (0.49 X 10-3)2 



(77) 



where we assume again the sparticle mass spectrum of (|68|) . Analytic formulas for the corresponding Wilson coefficients 
can be found in j2J|. Here we followed |3l| to estimate the QCD corrections and relevant hadronic matrix elements, 
and Table Hvl for the involved phenomenological numbers. The typical size of {Sjj]^)i2,2i in our SS-mediated SUSY 
breaking models is 0(10"^) as can be seen from the expression of Sf^j^ analogous to (|64|l and also H68|l . therefore the 
RL insertions do not give an observable contribution to ek- Also the contributions from Im[((5^^ rr)i2\ are relatively 
small because the relevant matrix element does not receive QCD enhancement. In our case, accidental cancellation 
of relevant mass functions reduces these contributions further. Then the most dominant contribution comes from 
Im[((5^jj)i2(^f ^)i2]. Higher order insertions of 6 including the third generation are not important because (|67ll and 
(innil show |((5^fl;)i3('5^_R)32| < \iSiiji)i2\ and a similar relation for ((5f^)i2. 

Upper half of the Table summarizes the resulting ck for the effective flavor charges of (|60|l providing a best fit 
to the observed CKM matrix and down-type quark masses under the assumption that Kq^d and e^^'^i-'^^) are complex 
in general. The results are expressed in terms of the S parameters normalized by their values saturating the observed 
\€k\- Again here we choose IM1/2I ~ 500 GeV and assume that the complex parameters Kq^d and the phases are 
all of order unity. For these four models, the contribution from Im[((5^fl.)i2((5^2,)i2] exceeds the observed value by 
one or two orders of magnitude, thus one needs a fine tuning of 0(10-^ ~ 10-2) for the involved parameters. Even 
when Hq^d and e'^'^i"'^^) are all real, the situation is not improved much. In the presence of the KM phase, the RG 
evolution from Ale to Mz generates a CP violating phase in ((5^^)12: 



1 1 / /Vf2 \ 



"hi "^22 

-6 X 10-2 (^-^) Im[(^]^x)5i(^~]^L)32] 



10-nm[{VcKMVq)u{VcKMVq);:,]/e''^+^-2-^^^.^ (78) 

where w„ = {H2) — 174 sin /? GeV. This RG induced contribution is numerically only a factor few smaller than the 
direct contribution at Mc coming from complex Kq^d and e^^'^i-'^^). 
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yi/y-i 


= 0(6^e,l) 




yi/y-i 


= 0{e'',t 


,1) 












AXfs 


AXfa 








4.8x10-'^ 


4.8x10-8 




4.8xl0-<> 


4.8xl0-fi 




- 


- 


- 






(6,1,0) 


(0,0,0) 


0.80 


0.040 




(5,1,0) 


(0,0,0) 


3.2 


0.015 




(5,1,0) 


(1,0,0) 


3.2 


100 




(4,1,0) 


(1,0,0) 


12 


100 




(4,1,0) 


(2,0,0) 


12 


40 




(3,1,0) 


(2,0,0) 


40 


40 




(3,1,0) 


(3,0,0) 


40 


12 




(2,1,0) 


(3,0,0) 


100 


12 




(2,1,0) 


(4,0,0) 


100 


3.2 




(1,1,0) 


(4,0,0) 


20 


3.2 




(1,1,0) 


(5,0,0) 


20 


0.80 




— 


— 


- 


- 




(5,0,0) 


(1,1,0) 


0.80 


20 




(4,0,0) 


(1,1,0) 


3.2 


20 




(4,0,0) 


(2,1,0) 


3.2 


100 




(3,0,0) 


(2,1,0) 


12 


100 




(3,0,0) 


(3,1,0) 


12 


40 




(2,0,0) 


(3,1,0) 


40 


40 




(2,0,0) 


(4,1,0) 


40 


12 




(1,0,0) 


(A 1 r\\ 

(4, 1,0) 


iUU 


12 




(1,0,0) 


(5, 1,0) 


1 AA 
iUU 


3.2 




lU, U, U) 




u.uio 


3.2 




(n n n^ 




040 


0.80 






yllvi = 


= 0(e^e2 


1) 




yl/yi 


= 0{e^,e 


M) 




AXf3 








A-Yf3 


AXf3 




l('5U)l2l 




4.8x10-'* 


4.8x10-" 




4.8xl0-« 


4.8xl0-« 




- 


- 


- 






(6,2,0) 


(0,0,0) 


3.2 


0.60 




(5,2,0) 


(0,0,0) 


12 


0.057 




(5,2,0) 


(1,0,0) 


12 


100 




(4, 2,0) 


(1,0,0) 


40 


100 




(4,2,0) 


(2,0,0) 


40 


40 




(3,2,0) 


(2,0,0) 


100 


40 




(3,2,0) 


(3,0,0) 


100 


12 




(2,2,0) 


(3,0,0) 


1.6 


12 




(2,2,0) 


(4,0,0) 


1.6 


3.2 




— 


— 


- 






(5,1,0) 


(1,1,0) 


3.2 


20 




(4,1,0) 


(1,1,0) 


12 


20 




(4,1,0) 


(2,1,0) 


12 


100 




(3,1,0) 


(2,1,0) 


40 


100 




(3,1,0) 


(3,1,0) 


40 


40 




(2,1,0) 


(3,1,0) 


100 


40 




(2,1,0) 


(4,1,0) 


100 


12 




(1,1,0) 


(4,1,0) 


20 


12 




(1,1,0) 


(5,1,0) 


20 


3.2 




- 


- 








(4,0,0) 


(2,2,0) 


3.2 


1.6 


^/ 


(3,0,0) 


(2,2,0) 


12 


1.6 




(3,0,0) 


(3,2,0) 


12 


100 




(2,0,0) 


(3,2,0) 


40 


100 




(2,0,0) 


(4,2,0) 


40 


40 




(1,0,0) 


(4,2,0) 


100 


40 




(1,0,0) 


(5,2,0) 


100 


12 




(0,0,0) 


(5,2,0) 


0.057 


12 




(0,0,0) 


(6,2,0) 


0.60 


3.2 





TABLE I: Lepton mass hierarchy vs constraint from ^ ej. Here ((Jj^^) 12,21 is divided by the values saturating BR(fi 
ej) = 1.2 X 10~^^ for IM1/2I = 500GeV. A double check indicates that the model can safely satisfy the fi —* ej constraint and 
a single check means one may need a mild tuning of 0(1) parameters. 



If we relax the condition (|60() for the best fit to the quark masses and CKM matrix, we can choose = N2 



for the down-type quark singlets, which would make all {S'^fi)ij disappear. Note that the SS-induced n\^'^^ at the 

compactification scale are universal if Nf are all degenerate. Lower half of the Table shows that in this case there 
is no observable deviation of ex- However in this case, in order to produce the correct quark masses and CKM 
matrix, we have to assume that some boundary Yukawa couplings arc abnormally large (or small) by a factor of 4 ~ 5 
(0.2 ~ 0.3) compared to the values suggested by the naive dimensional analysis [l5|. For instance, the model with 
Xf = (3, 2, 0) requires that the boundary Yukawa coupling An is smaller than the naively expected value by a factor 
of 0.2. _^ _^ 

For the sparticle spectrum (|^ . the gluino contribution to the K^-K and s~^d,s mass differences in SS SUSY 
breaking scenario are given by 



5.30ns-i;i 



/500GcV\ 

V Wl/2\ ) 



2 r 



Rc[(4 



RRn2\ 



(1.8 X 10^1)2 ' (1.9 X 10-1)2 



Re[(4L)?2] 



(0.78 X 10- 



(2.8 X 10-3)2 
(0.60 X 10-2)2 
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yl = Oie' 
















Bi?(M+^e+,7) 


BR{ 




4,7) 


5^(4^4,7) 


(5,1,-2) 


(2,2,2) 


1.5(1 + 0.14tf,)^ X 10" 


10 




- 




2.4(1 + 0.091*;3)^ X 10"* 


(5,1,-1) 


(2,2,2) 


1.6(1 + 0.14tfl)2 X 10" 


10 




- 




2.1 X 10"* 


(6,2,1) 


(1,1,1) 


1.3(1 + 0.0264,3)^ X 10' 


-10 




- 




4.4(1 + 0.42*^)2 X 10"* 


(7,3, 2) 


(-1,-1,-1) 


1.2 X 10-^" 






- 




2.4(1 + 0.091*^)2 X 10"* 


(-1,-1,-1) 


(7,3,2) 








- 




— 


(1,1,1) 


(6,2,1) 








- 




- 


(2,2,2) 


(5,1,-1) 








- 




- 


(2,2,2) 


(5,1,-2) 








- 




- 






i3i?(^+ ->e+,7) 


BR{ 




4,7) 


si?(4^4,7) 


(5,1,-2) 


(2,2,2) 








- 




- 


(5,1,-1) 


(2,2,2) 








- 




- 


(6,2,1) 


(1,1,1) 








- 




4.6*^ X 10"" 


(7,3,2) 


(-1,-1,-1) 








- 




- 


(-1,-1,-1) 


(7,3,2) 


1.2 X 10""' 






- 




2.1(1 + 0.060*^)2 X 10"* 


(1,1,1) 


(6,2,1) 


1.2(1 + 0.015t;3)^ X 10" 


-10 




- 




2.1(1 + 0.37*/3)2 X 10"* 


(2,2,2) 


(5,1,-1) 


1.3(1 + O.O92f0)^ X 10" 


-10 




— 




2.1 X 10"* 


(2,2,2) 


(5,1,-2) 


1.2(1 + 0.093f/3)^ X 10" 


-10 




— 




2.1(1 + 0.015*/3)2 X 10"* 






yi = 0{e' 


^^ 










Nt 


Nf 




BR{ 




4,7) 


Bi?(r+^Mi,7) 


(6,1,-2) 


(2,2,2) 


9.2{l + 0.ntpf X 10" 


12 




- 




2.4(1 + 0.091*,3)2 X 10"* 


(6,1,-1) 


(2,2,2) 


9.4(1 + 0.11t/3)2 X 10" 


12 




- 




2.1 X 10"'^ 


(7,2,1) 


(1,1,1) 


8.2(1 + 0.02^,3)^ X 10" 


-12 




- 




4.4(1 + 0.42*^)2 X 10"* 


(8,3,2) 


(-1,-1,-1) 


7.8 X 10"^^ 






- 




2.4(1 + 0.091*^3)2 X 10"* 


(-1,-1,-1) 


(8,3,2) 








- 




- 


(1,1,1) 


(7,2,1) 








- 




- 


(2,2,2) 


(6,1,-1) 








- 




- 


(2,2,2) 


(6,1,-2) 








- 




- 


Nt 


n! 




BR{ 




4,7) 


si?(4^4,7) 


(6,1,-2) 


(2,2,2) 








- 




- 


(6,1,-1) 


(2,2,2) 








- 




- 


(7,2,1) 


(1,1,1) 








- 




4.6*1 X 10"" 


(8,3,2) 


(-1,-1,-1) 








- 




- 


(-1,-1,-1) 


(8,3,2) 


7.7 X 10"^^ 










2.1(1 + 0.060*;3)2 X 10"* 


(1,1,1) 


(7,2,1) 


7.8(1 + 0.012*^)2 X 10" 


-12 








2.1(1 + 0.37*/3)2 X 10"* 


(2,2,2) 


(6,1,-1) 


7.8(1 + 0.074*^)2 X 10" 


-12 








2.1 X 10"* 


(2,2,2) 


(6,1,-2) 


7.7(1 + 0.075*,3)2 X 10" 


-12 








2.1(1 + 0.060*^)2 X 10"* 



TABLE II: Predictions of lepton flavor violating rates for IM1/2I = 500GeV. Here all parameters of 0(1) are set to 1 and all 
leading contributions are added constructively, so the actual rates can be somewhat smaller than the numbers in the table. 
The fi ej {r ^ ej or ^7) branching ratio smaller than 10"^* (lO"'') for t/} = tan/3 — 10 is omitted. Note that the branching 
ratios scale as |_Afi/2|"''. 



r amb, 1 


/500GeV^ 


2 


(^!l)?3 


_0.489ps"i?i 


" V 1^4/21 y 


) 


(3.5 X 10"i)2 



RLJlS 



('^flfl)l3 
(3.4 X 10"1)2 



KR)l3iSiL)l3 
(3.2 X 10-2)2 



(0.65x10-1)2 (0.66xl0"i)2 (0.71 x 10"i)2 





/500GeV^ 


2 


('^Ll)23 + ('^flfl'Jis 


('5^,K)23(^ij23 


13.1ps-i?i 


" V \Ml/2\ J 


) 


(1.5)2 


(1.4 X 10-1)2 
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yf = Oie' 


4 2\ 

,« ,e ) 






n! 


Bi?(M+^e+,7) 




Bi?(r+^/i+,7) 


(6,2,-2) 


(2,2,2) 


1.3(1 +0.024t^)^ X 10"^° 


- 


3.3 X 10-" 


(6,2,-1) 


(2,2,2) 


1.3(1 +0.024*^)2 X 10"^° 


- 


5.0(1 + 0.254,3)^ X 10-" 


(7,3,1) 


(1,1,1) 


1.2 X 10"^° 


- 


5.0(1+0.254,3)^ X 10-" 


(8,4,2) 


(-1,-1,-1) 


1.2 X 10-1° 


- 


2.6(1 +0.0474,3)2 X 10-" 


(2,2,-2) 


(6,2,2) 


3.1 X 10"" 


3.4 X 10-" 


3.3 X 10-" 


(2,2,-1) 


(6,2,2) 


8A{l + 0.27tpf X IQ-^^ 


5.2(1 + 0.254,3)2 X 10-" 


5.1(1 + 0.254,3)2 X 10-" 


(3,3,1) 


(5,1,1) 


8.4(1 + 0.27tfl)2 X 10"" 


5.2(1 + 0.254,3)2 X 10-" 


5.1(1 +0.254,3)2 X 10-" 


(4,4,2) 


(4,-1,-1) 


3.4(1 +0.0.51ta)2 X 10~" 


3.7(1 + 0.0474,3)2 X 10-" 


3.6(1+0.0474,3)^ X 10-" 


(4,4,2) 


(4,-2,-2) 


3.4(1 +0.053t^,)2 X 10"" 


3.7(1 + 0.0474,3)2 X 10-" 


3.6(1+0.0474,3)^ X 10-" 


(4, -2, -2) 


(4,4,2) 


1.9(1 + 0.124^)2 X 10"^° 


— 


— 


(4,-1,-1) 


(4,4,2) 


3.4(1 + 0.10t,a)2 X 10""' 


- 


- 


(5,1,1) 


(3,3,1) 


4.9(1 + 0.12Vj)2 X 10-1" 


- 


- 


(6,2,2) 


(2,2,-1) 


2.7(1 +0.026f,d)2 X 10""' 


- 


- 


(6,2,2) 


(2,2,-2) 


1.5(1 +0.022t^)2 X 10-1° 


— 


— 


(-1,-1,-1) 


(8,4,2) 


— 


- 


— 


(1,1,1) 


(7, 3,1) 


- 


- 


- 


(2,2,2) 


(6,2,-1) 


- 


- 


- 


(2,2,2) 


(6,2,-2) 


- 


- 


- 


iVf 




5^(mJ ^4,7) 




Bi?(r+^M+,7) 


(6,2,-1) 


(2,2,2) 


- 


- 


- 


(6,2,-1) 


(2,2,2) 


- 


- 


- 


(7,3,1) 


(1,1,1) 


- 


- 


- 


(8,4,2) 


(-1,-1,-1) 


- 


- 


- 


(2,2,-2) 


(6,2,2) 


1.3(1+0.0144^)2 X 10-1° 


— 


— 


(2,2,-1) 


(6,2,2) 


5.0(1+0.0154^)2 X 10"i" 


- 


- 


(3,3,1) 


(5,1,1) 


5.8(1 +0.0824^3)2 X 10-1° 


- 


- 


(4,4,2) 


(4,-1,-1) 


2.3(1 +0.0794^3)2 X 10-1" 


- 


- 


(4,4,2) 


(4,-2,-2) 


1.8(1 + 0.324^)2 X 10-1° 


- 


- 


(4,-2,-2) 


(4,4,2) 


3.1(1 +0.0324^)2 X 10-11 


3.4(1 + 0.0304^,)2 X 10-" 


3.3(1 +0.0304^)2 X 10-" 


(4,-1,-1) 


(4,4,2) 


3.1(1 +0.0324^3)2 X 10-11 


3.4(1 + 0.0304a)2 x 10-" 


3.3(1 + 0.0304,3)2 X 10-" 


(5,1,1) 


(3,3,1) 


3.1(1 + 0.204a)2 X 10-11 


3.4(1 + 0.194,3)^ X 10-" 


3.3(1+0.194,3)^ X 10-" 


(6,2,2) 


(2,2,-1) 


3.1(1 + 0.204,3)2 X 10-11 


3.4(1 + 0.194,3)2 X 10-" 


3.3(1 + 0.194,3)2 X 10-" 


(6,2,2) 


(2,2,-2) 


3.1 X 10-11 


3.4 X 10-" 


3.3 X 10-" 


(-1,-1,-1) 


(8,4,2) 


1.2 X 10-1° 




3.3(1 +0.0304,3)2 X 10-" 


(1,1,1) 


(7, 3,1) 


1.2 X 10-1° 




3.3(1+0.194,3)2 X 10-" 


(2,2,2) 


(6,2,-1) 


1.2(1+0.0154,3)^ X 10-1° 




3.3(1+0.194^)2 X 10-" 


(2,2,2) 


(6,2,-2) 


1.2(1 +0.0154^,)2 X 10-1° 




3.3 X 10-" 



TABLE III: Predictions of lepton flavor violating rates. Models indicated by light color can not satisfy the current experimental 
bound on ^ 67 even when the involved 0(1) parameters are assumed to be suppressed by a factor of 1/4 or !Mi/2l = 1 TeV. 



(2.8x10-1)2 (3.0x10-1)2 ■ ^ ' 

Here we followed Ref.|23 for the involved Wilson coefficients, Ref-IU] for the QCD corrections and hadronic matrix 
elements, and Table HVI for the involved phenomenological numbers. The results are then well below the experimental 
values (AMK^Bd) or the latest upper bound (AM^J (s^l, typically less than 1 %. In fact, for AMb^, there can be 
few % SUSY contributions which were not included in (|79|) as they come from the RG effects involving the top quark 
Yukawa coupling similarly to the effects of (|78|l . Flavor violating soft parameters can affect also e'/e^f even when 
they do not contain any new CP violating phase. We have estimated the gluino contribution to e' /ek in SS SUSY 
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as{Mz) 


Mk 


AMk 


Fk 


Mb, 




Ms, 


FbJFb, 


0.119 


494 MeV 


5.30ns-'^h 


160 MeV 


5.28 GeV 


195 MeV 


5.37 GeV 


1.21 



TABLE IV: Input parameters used in the mass-insertion formulas. For the hadronic matrix elememts, we follow Ref. Isil . 



Nf 


Nt 






Im[('5SH)l2(*tL)l2l 


(1.5x10-2)2 


(1.5x10-2)2 


(2.2xl0-'')2 


(3,2,-1) 


(3,2,2) 


1.5 X 10"^ 


7.1 X 10"^ 


466 


(3,2,-1) 


(4,2,2) 


1.5 X 10"^ 


2.8 X 10"^ 


93 


(3,2,-1) 


(3,3,2) 


1.5 X 10"^ 


2.8 X 10"^ 


93 


(3,2,-1) 


(4,3,2) 


1.5 X 10"^ 


5.7 X 10"^ 


42 


(3,2,-1) 


(2,2,2) 


1.5 X 10^2 








(4,3,-1) 


(2,2,2) 


1.2 X 10"'* 








(4,2,-1) 


(2,2,2) 


6.0 X 10-'* 









TABLE V: Quark mass hierarchy vs ex. Here 6"^ 's are divided by the values saturating tK = 2.282 x 10 ^ for |Afi/2j = 500GeV. 



breaking scenario, and find that it is at most eoniparable to the SM contribution for a reasonable range of the involved 
parameters. Because the consensus on the SM contribution to e' /^k has not been achieved yet [s^ . we can not derive 
any meaningful constraint from this result. 

Let us finally consider the SUSY contribution to 6 ^ 57 in our models. The branching ratio can be approximated 

by 



SUSY 



\BR{hR ^ SL^ir' + BR{hL ^ SR, 7), 



(80) 



where the first term denotes interference with the SM contribution and the second term comes from the operators of 
opposite chirality to the SM ones. The gluino contributions normalized by the latest world average |33l | are given by 



3.34 (±0.38) X 10- 



BRjhL^SR,^) 
3.34 (±0.38) x 10- 



/500GeV\ r M{5iR)23] _ M{5iL)2MR)i3] _ Mi^jMSiRhz] 
V IM1/2I ) \ 0.021 0.040 0.043 

M{5tR)2l{5iRU] + MiKR)22{5iR)2z\ 

0.041 



(81) 



- 1/2 


/500GeV\ 




i6U)2liS'RL)l3 + i6iR)23iS'RL)33 




V IM1/2I ) 


0.042 


0.082 



iKL)2l{SiL)l3 + iKL)22{SiL) 



23 



0.080 



(82) 



for the sparticle spectrum 1)68(1 . Here we followed Ref.[23| to estimate the branching ratio from the relevant Wilson 
coefficients at mt and included the leading-order gluino contribution to 6*4^7.8 and their chirality partners. The Ref. |34| 
quotes the SM contribution as BR[B Xs^]^^^^:^ = 3.70 ± 0.30 x 10^"*. This overlaps with the experimental value 
within the 1 a errors ~ 10%. In our models, \5'r]^ ^^J is at most lO^'^. Therefore their contributions to the interference 
term is only a few % level. A potentially dangerous contribution may come from {5'^i)23{5'lr)33 associated with the 
F-term contribution to {S'[r)33 which can be estimated as 



iSiR)33 



1.5 X 10-^e'''"tan/3(500GeV/|A/i/2|) 



for a moderate value tan/3. For the models listed in Table Ivl (Sfj^) is at most a few % for IM1/2I ^ 500 GeV, and 
then its contribution to 6 — > 37 is also below a few %. The pure SUSY contribution from the opposite chirality is even 
more negligible because it scales quadratically with the SUSY amplitude, so typically gives a correction of 0(10^'^). 
Consequently the gluino mediated contribution to 6 57 docs not give any meaningful constraint for our models 
with the current experimental and theoretical accuracy. 
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IV. CONCLUSION 

Quasi-localization of matter fields in extra dimension is an elegant mechanism to generate hierarchical 4D Yukawa 
couplings. Extra dimension provides also an attractive way to break SUSY by boundary conditions as originally 
proposed by Scherk and Schwarz. In this paper, we have examined some physical consequences of implementing the 
quasi-localization of matter zero modes and the SS SUSY breaking simultaneously within 5D orbifold field theories. In 
this case, the radion corresponds to a flavon to generate the flavor hierarchy and at the same time plays the role of the 
messenger of supersymmctry breaking. As a consequence, the resulting soft scalar masses and trilinear A-parametcrs 
of matter zero modes at the compactification scale are highly flavor-dependent, thereby can lead to dangerous flavor 
violations at low energy scales. The shape of soft parameters implies also that the compactification scale should be 
much higher than the weak scale in order for the model to be phenomenologically viable. 

We have computed the soft parameters of quasi-localized matter fields induced by the SS boundary condition 
in generic 5D orbifold SUGRA. It is shown explicitly that the zero mode soft parameters from the SS boundary 
condition are same as the ones induced by the radion i^-component in 4D effective SUGRA, and thus our analysis 
applies to any SUSY breaking mechanism giving a sizable _F-component of the radion superfield, e.g. the hidden 
gaugino condensation model. 

In 5D orbifold SUGRA, quasi-localization of matter zero modes are governed by the kink masses of matter hyper- 
multiplets, Mje{y), which have quantized-values if the graviphoton and/or U{1)fi gauge charges are quantized. An 
important feature of the SS SUSY breaking or the radion-mcdiated SUSY breaking is that, if the kink masses are 
quantized, the resulting soft scalar masses and the trilinear scalar couplngs (divided by the corresponding Yukawa 
couplings) at the compactification scale are quantized also in the leading approximation. This feature provides a 
natural mechanism to suppress dangerous flavor violations since the flavor violating amplitudes appear in a form 
f{Mj) — f{Mj), thus are canceled when some of the quantized kink masses are degenerate. 

We analyzed in detail the low energy flavor violations in SS-dominated supersymmetry breaking scenario under the 
assumption that the compactiflcation scale Mc is close to the grand uniflcation scale ~ 2 x 10^^ GeV and the 4D 
effective theory below M^. is the minimal supersymmetric standard model. We find that many of the low energy flavor 
violations are appropriately suppressed, however generically ex and ^ ^ ej can be dangerous if the SS boundary 
condition is the major source of SUSY breaking. Assuming that the hypermultiplet kink masses are quantized, the 
fi ej bound can be satisfled for a reasonable range of the involved continuous parameters if either the SU{2)l 
doublet lepton kink masses or the SU{2)l singlet lepton kink masses are flavor-independent. These two possibilities 
are clearly distinguished by the predicted chirality pattern of the lepton flavor violating decays. The chirality structure 
for degenerate S'[/(2)L-doublet lepton kink masses is opposite to the other case with degenerate iS'C/(2)i-singlet lepton 
kink masses which has the same chirality structure as the lepton fiavor violating decays induced by the right-handed 
neutrino Yukawa couplings in seesaw models 0, H, ■ The SUSY contribution to ek can be similarly suppressed 
by choosing the quantized kink masses of down-type quarks to be degenerate. However in this case, to get the 
correct quark mass spectrum and CKM mixing angles, one needs to assume that some boundary Yukawa couplings 
are abnormally large (or small) by a factor of 4 ^ 5 (0.2 ^ 0.3) compared to the values suggested by the naive 
dimensional analysis. 
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